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Background: Studies of children with very low birth weight (VLBW, 1,000-1,500 g) and 
extremely low birth weight (ELBW, less than 1,000 g) indicate that this population seems to 
be at increased risk of autism spectrum disorder (ASD). 

Methods: Parents of 101 VLBW and ELBW children (age 2 years, corrected for prematurity) 
agreed to participate in the study and signed informed consents; however, parents of only 
75 children (44 boys, 31 girls) completed the screening questionnaires. The screening battery 
included the Modified Checklist for Autism in Toddlers (M-CHAT), Communication and 
Symbolic Behavior Scales Developmental Profile Infant-Toddler Checklist (CSBS-DP-ITC), 
and the Infant/Toddler Sensory Profile (ITSP). Children with disabilities were excluded. All 
children who screened positive on any of the screening tools were subsequently invited for a 
detailed assessment. 

Results: Thirty-two children (42.7%) screened positive on at least one of the screening 
questionnaires. The screening tool with the most positive results was the CSBS-DP-ITC 
(26 positive screens), followed by the M-CHAT (19 positive screens) and the ITSP (11 positive 
screens). Of the 32 children who tested positive, 19 participated in the detailed follow-up 
assessment. A diagnosis of ASD was confirmed in eight of the 19 children. ASD prevalence, 
calculated from those 1 9 children and those with negative screening results (43 children), yielded 
a prevalence of 12.9% in the sample. The difference in frequency of positive screens between 
the tests was significant (_P=0.011). In pair comparisons, ITSP was found to be significantly 
less positive than CSBS-DP-ITC (P=0.032). No significant differences were found between 
the M-CHAT and CSBS-DP-ITC or between the M-CHAT and ITSP. 

Conclusion: The results strongly support the hypothesis of an increased prevalence of autism 
in children with a birth weight less than 1,500 g. 

Keywords: autism spectrum disorder, preterm children, screening, Autism Diagnostic 
Observation Schedule, prevalence 

Introduction 

There is emerging evidence suggesting that low birth weight and prematurity may be 
risk factors for autism spectrum disorders (ASD). Interest in the topic was sparked in 
2002 with a study by Elgen et al. 1 Since then, several studies focusing on the prevalence 
of ASD in preterm children have been published. Research methodologies used differed 
substantially between these studies. They differ in features such as inclusion criteria, age 
at examination, screening instruments used, and use of clinical validation of screening 
results. Five studies used birth weight as an inclusion criterion (one study < 1,000 g, 
two studies ^1,500 g, and two studies ^2,000 g), while another four used gestation 
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weeks as the inclusion criterion (two studies <26 weeks, one 
study <27 weeks, and one study <28 weeks). 

The most frequently used screening instrument was the 
Modified Checklist for Autism in Toddlers (M-CHAT). 2 
Limperopoulos et al 3 used the M-CHAT to examine 9 1 pre- 
term infants (birth weight < 1 ,500 g, mean age at examination 
22 months), and found that 25% of the children screened 
positive. Kuban et al 4 used the M-CHAT on a sample of 988 
preterm children (<28 weeks' gestation, aged 23-28 months at 
examination). The sample included those with cerebral palsy, 
cognitive impairment, and vision and hearing impairment. 
The M-CHAT-positive rate was 21% in the whole sample 
but only 10% in children without impairments. In a similar 
study, the M-CHAT was used to screen 523 preterm children 
(<26 weeks' gestational age, aged 2 years at examination). 5 
The prevalence of positive M-CHAT screens was 41% in 
total and 16.5% in those without disabilities. 

Other screening instruments have been used in studies of 
older children and adolescents. Elgen et al 1 used the Asperger 
Syndrome Diagnostic Interview in 130 children (age 1 1 years, 
birth weight <2,000 g) and found the prevalence of Asperger 
syndrome to be 1 % compared with 131 normal birthweight 
controls. Indredavik et al 6 compared 56 very low birth weight 
(VLBW) adolescents (birthweight < 1,500 g) with 83 term 
controls (age 14 years at examination). Using the Autism 
Spectrum Screening Questionnaire, they found that 7% of 
VLBW adolescents had symptoms of Asperger syndrome 
versus 0% of controls. Hack et al 7 screened 219 preterm 
children (birth weight < 1 ,000 g, age 8 years) and compared 
them with 176 term children having similar sex, age, and 
maternal sociodemographic status. The Parent Child Symp- 
tom Inventory was utilized, and eight subjects (3.65%) with 
ASD were identified in the preterm group, compared with 
one child (0.57%) in the control group. 

The first study that validated screening results with a 
clinical diagnosis was performed by Johnson et al. 8 They 
screened 219 preterm children (<26 weeks of gestation, age 
1 1 years) using the Social Communication Questionnaire and 
compared the results with those in 1 53 term children. An ASD 
diagnosis was confirmed using the Development and Well 
Being Assessment, a semistructured diagnostic interview. 
They found ASD in 8% of the preterm children compared 
with 0% in controls. However, the only study in which highly 
reliable diagnostic instruments, such as the Autism Diagnostic 
Interview-Revised 9 or the Autism Diagnostic Observation 
Schedule (ADOS) 10 were used, was one performed by Pinto- 
Martin et al. 11 Preterm children (birth weight <2,000 g, age 
16 years) were screened and then clinically examined at age 



21 years. The percentage of those with ASD was calculated 
to be 5% of the regional preterm birth cohort. 

Stephens et al 12 emphasized the simultaneous use of sev- 
eral screening tools in the infant population. Five hundred and 
fifty-four infants born at <26 weeks' gestation were screened 
between 1 8 and 22 months using the Pervasive Developmental 
Disorder Screening Test, second edition Stage 2 (PDDST), 
the response to name, and response to joint attention from 
the ADOS. Infants with severe cerebral palsy, deafness, and 
blindness were excluded. Of these, 20% of children had more 
than one positive screen, 10% had a positive PDDST, 6% 
response to name, and 9% response to joint attention. Only 
1% screened positive on all three screens. 

The aim of this study was to screen preterm infants by 
combining the advantages of the last two cited studies, ie, 
multiple screening tests simultaneously (in our case three) 
followed by validation of the diagnosis using the "gold 
standard" instrument of ADOS + clinical evaluation. We 
assumed that such a combined procedure would improve the 
accuracy of autism detection, not only in the preterm popula- 
tion, but also in the general pediatric population. 

Materials and methods 

Sample 

Children with VLBW and extremely low birth weight 
(ELBW, less than 1,000 g) were consecutively recruited from 
March 2012 to May 2013. Three centers for newborns and 
infants at risk were involved: the Department of Pediatrics, 
University Hospital Motol, Prague; the Department of 
Pediatrics and Adolescent Medicine, General University 
Hospital, Prague; and the Department of Pediatrics, 
University Hospital, Hradec Kralove. Children with substan- 
tial disabilities, such as cerebral palsy or major vision and/or 
hearing impairments were excluded. The study was approved 
by the ethics committees of all three participating hospitals. 
Families were informed about the research project during 
routine checkups that took place regularly at 2 years of age, 
corrected for prematurity. Parents who agreed to participate 
in the study signed informed consents. 

Parents of 101 VLBW and ELBW children agreed to par- 
ticipate in the study. Of these, families of 75 children (74.2%) 
completed the screening questionnaires and sent them to the 
Department of Child Psychiatry. The sample comprised 44 boys 
and 3 1 girls, age 2 years (corrected for prematurity). 

ASD screening tools 

The screening battery included the: M-CHAT, the 
Communication and Symbolic Behavior Scales Developmental 
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Profile Infant-Toddler Checklist (CSBS-DP-ITC), and the 
Infant/Toddler Sensory Profile (ITSP). 

The M-CHAT 2 is a widely used simple parental screen 
that consists of 23 yes/no items. Optimal age for adminis- 
tration is 24 months. There are six critical questions and 
17 noncritical questions. A failed screening is defined if 
the parent reports that the child failed on any two critical 
questions or any three questions overall. In this case, a 
follow-up interview, consisting of additional correspond- 
ing questions, is recommended. Adequate reliability 
(Cronbach's alpha =0.85) as well as high sensitivity (0.87) 
and specificity (0.99) have been described. 2 Kleinman et al 13 
found a positive predictive value of 0.36 for the initial 
screening that improved to 0.74 when combined with the 
follow-up interview. 

The CSBS-DP-ITC 14 is a general broadband screen that 
detects a wide range of disorders such as global develop- 
mental delay, general language delay, and autism between 
6 and 24 months. This 24-item parent-report questionnaire 
quantifies infant abilities into three subdomains, ie, social and 
emotional communication, receptive and expressive speech, 
and symbolic behavior. There was high internal consistency 
(Cronbach's alpha coefficients ranging from 0.86 to 0.92). 
Sensitivity estimates ranged from 0.87 to 0.93 and specific- 
ity was found to be 0.75. 14 The positive predictive value was 
estimated to be 0.75. 15 

The ITSP 16 is a 48-item caregiver questionnaire 
that measures sensory modulation abilities in children 
aged 7 months to 36 months (a version for infants aged 
0-6 months is also available). Parents rate the frequency 
of their child's behavior on a 5-point scale from 1 (almost 
always) to 5 (almost never). Items are grouped into five 
sensory sections, ie, auditory processing, visual processing, 
tactile processing, vestibular processing, and oral sensory 
processing. Scores are then grouped into four quadrant 
scores, ie, low registration, sensation seeking, sensory sen- 
sitivity, and sensation avoiding. Section scores and quadrant 
scores are interpreted relative to age norms. Reliabilities 
for the various composite scores range from 0.69 to 0.85. 
Some studies of the ITSP in ASD populations have been 
performed; 1718 however, the ITSP is not generally used for 
screening, 19 and our study may be the first to evaluate its 
use as screening tool. We also established a new criterion 
for a positive screening. Participants were considered to 
have screened positive if results were definitely abnormal 
(ie, results outside two standard deviations of population 
norms) on at least two scores involving section and/or 
quadrant scores. 



Procedure 

The parents of children with VLBW and ELBW (2 years 
of age, corrected for prematurity) completed the screening 
battery questionnaires and sent them to the Department of 
Child Psychiatry at Motol University Hospital. 

All children who had screened positive on any of the 
screening tools were subsequently invited for a detailed 
follow-up assessment. The assessment involved testing using 
the ADOS 10 and a clinical examination by two experienced 
child psychiatrists with expertise in autism. The concept of 
best estimate clinical diagnosis, by consensus of two experi- 
enced specialists, was used as a gold standard. 20 In cases of 
disagreement between the ADOS diagnosis and best estimate 
clinical diagnosis, the latter was preferred. The International 
Classification of Diseases, Tenth Edition (ICD- 1 0) was used 
for clinical diagnoses. 21 

Data analysis 

Statistical analysis was performed using Statistical Package 
for the Social Sciences version 22.0 software (IBM 
Corporation, Armonk, NY, USA). Descriptive statistics 
for the samples were used. The Mann-Whitney U test and 
chi-squared test were used for analyzing differences between 
subsamples with positive and negative screens and the 
Cochran's Q test was used for analyzing differences in posi- 
tivity among tests. More detailed pair comparisons between 
tests were performed using paired Wilcoxon sign tests for 
false discovery rate adjusted for multiple testing. 

Results 

Sample characteristics 

Table 1 shows the family and child characteristics. Thirty-two 
children (42.7%) screened positive on at least one of the 
screening questionnaires. Analysis of children with posi- 
tive (on at least one of the screening questionnaires) and 
negative screens found no significant differences relative 
to mean birth weight (1,030.7 g versus 1,034.8 g; (7=687, 
_P=0.9957), gestational age (28.1 weeks versus 28.6 weeks; 
C/=780.5, P=0.3239), length of stay in hospital (72.0 days 
versus 65.8 days; (7=607, 7^=0.3882), or use of corticoids 
(25.0% versus 23.3%; % 2 =0.031, df=\, 7-0.861). 

Prevalence of ASD in the sample 

As mentioned above, 32 children (42.7%) screened positive 
on at least one of the screening questionnaires. Parents of 
19 of the 32 children agreed to the more comprehensive 
follow-up assessment. A diagnosis of ASD was indicated 
in nine children based on the ADOS, and was confirmed 



Neuropsychiatric Disease and Treatment 2014:10 



submit your manuscript | www.dovepress.com 
Dovepress 



279 



Dudova et al 



Dovepress 



Table I Family and child characteristics of the preterm population 
(age 2 years) 



Mean (SD) or 
frequency (%) 



Maternal 




Age at delivery (years) 


32.8 (4.5) 


Education 




— Elementary 


0 (0%) 


- High school 


43 (57.3%) 


— University 


31 (41.3%) 


- Missing data 


1 (1.3%) 


Paternal 




Age at delivery (years) 


34.6 (4.77) 


Education 




— Elementary 


0 (0%) 


- High school 


45 (60%) 


- University 


26 (34.7%) 


- Missing data 


4 (5.3%) 


Child 




Birth weight (grams) 


1,033.1 (293.1) 


Gestational age (weeks) 


28.4 (2.8) 


Stay in hospital (days) 


68.4 (31.5) 


Use of corticoids 


18 (24%) 



Abbreviation: SD, standard deviation. 



in eight of the 19 children. Diagnoses based on the ICD-10 
were childhood autism (n=5) and atypical autism (n=3). In 
one case (one of nine), there was disagreement between the 
ADOS diagnosis and the clinical diagnosis. ADOS indicated 
ASD but the best estimated clinical diagnosis was mild 
mental retardation. ASD prevalence calculated from those 
examined (19 children) and those with negative screening 
results (43 children), was estimated to be as high as 12.9% 
of the sample. 

Screening battery 

The screening tool with the most positive results was 
CSBS-DP-ITC (26 positive screens) followed by M-CHAT 
(19 positive screens). The ITSP had the fewest positives 
(eleven positive screens). For details, see Table 2. Table 3 
shows patterns of agreement between the three screening 



Table 2 Sensitivity of screening tools in the preterm population 
(age 2 years) 



Screening tool 


n 


Positive screens 


Negative screens 


M-CHAT 


75 


19 (25.3%) 


56 (74.7%) 


CSBS-DP-ITC 


75 


26 (34.7%) 


49 (65.3%) 


ITSP 


72 


1 1 (15.3%) 


61 (84.7%) 



Notes: Cochran's Q test for all three screening tools: Q-9.07, df^2, P-0.0 1 I ; paired 
Wilcoxon sign tests (false discovery rate adjusted for multiple testing) CSBS-DP-ITC 
versus ITSP (P=0.032). 

Abbreviations: n, number of screened children; M-CHAT, Modified Checklist for 
Autism in Toddlers; CSBS-DP-ITC, Communication and Symbolic Behavior Scales 
Developmental Profile Infant-Toddler Checklist; ITSP, Infant/Toddler Sensory Profile. 



Table 3 Patterns of agreement among screening tools in the 



preterm population (age 2 years) 

M-CHAT CSBS-DP-ITC ITSP n 

0 0 0 41 

0 0 15 

0 1 0 5 

0 1 13 

10 0 2 

11 0 13 
II 13 



Abbreviations: M-CHAT, Modified Checklist for Autism in Toddlers; CSBS-DP- 
ITC, Communication and Symbolic Behavior Scales Developmental Profile Infant- 
Toddler Checklist; ITSP, Infant/Toddler Sensory Profile; n, frequency of the pattern; 
0, negative screening results; I, positive screening results. 

tools, along with the frequency of each pattern. The three 
tools substantially agreed in negative cases (n=41) but not 
in positive cases. The greatest similarity in positive screens 
was seen on the M-CHAT and CSBS-DP-ITC (n=13). The 
difference in positive results between the screening tests was 
significant (Q=9.07, df =2, P=0.0l 1). In pair comparisons, 
using the paired Wilcoxon sign tests with false discovery 
rate adjusted for multiple testing, the ITSP was found to be 
significantly less positive than the CSBS-DP-ITC (P=0.032). 
No significant differences were found between the M-CHAT 
and CSBS-DP-ITC or between the M-CHAT and ITSP. 

Discussion 

Recent studies on the prevalence of ASD among prematurely 
born children, that validated screening results with clinical 
examinations and/or diagnostic instruments, estimated the 
ASD prevalence as being between 3.65% and 8%. 7AU The 
current prevalence of ASD in the general population of 
school-aged children has been found to be 1 %. 22 The discrep- 
ancies in prevalence appear to be fairly obvious. Prematurity 
seems to be a rather nonspecific risk factor compared with 
specific risk factors for autism that have been previously 
suggested, such as tuberous sclerosis, fragile X syndrome, 
and various rare genetic syndromes. 23 Losh et al, 24 in a same- 
sex twin study, estimated that every 100 g increase in birth 
weight provided a 13% reduction in risk of ASD. 

Biological vulnerability factors in preterm children seem 
to be evident. Additionally, there is developing evidence that 
psychological factors are also important. Smith et al 25 presented 
evidence from a sample of 44 children born at <26 weeks' 
gestation. Magnetic resonance imaging revealed that the num- 
ber of stressors to which an infant was exposed was directly 
associated with decreased frontal and parietal brain width, 
and altered diffusion measures and functional connectivity 
in the temporal lobes. Additionally, increased abnormalities 
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in motor behavior were observed during neurobehavioral 
examinations. Based on this information, various attempts 
have been made to improve observation, care, and rehabilita- 
tion of preterm children. 26 27 

In our study, which did not include children with major 
disabilities, 42.7% of the children screened positive on at 
least one of the screening questionnaires. This number could 
only be compared roughly (because of different method- 
ologies) with three other available studies performed using 
children of comparable age. 4 512 The only study that used 
also a screening battery instead of a single tool was one by 
Stephens et al. 12 They found a markedly smaller percentage 
of positive screens, with only 20% of infants (excluding 
those with disabilities) having at least one positive screen. 
However, they used less common screening instruments, ie, 
the PDDST and two parts from the ADOS (the response to 
name and response to joint attention). 

The other two studies used the M-CHAT screening tool 
and found positive M-CHAT results in nondisabled infants to 
be 10% 4 and 16.5%. 5 Positive M-CHAT tests in our sample 
was higher at 25.3%. To our knowledge, neither study using 
the M-CHAT for screening preterm children completed the 
recommended follow-up telephone interview, which could 
have compromised the accuracy of the results. 28 In our 
study, we used a follow-up clinical evaluation instead of the 
recommended telephone interview; however, we think this 
substitution improved the accuracy of our results. 

The estimated ASD prevalence in our sample, based on 
follow-up clinical evaluation, was 12.9% of the screened 
children. The ASD prevalence might have been higher if all 
the children with positive screens had undergone the clinical 
examination, as was planned. Unfortunately, the parents of 
40.6% of the children who screened positive did not bring 
their children for follow-up examination, and represents 
one of the limitations of our study. Other studies that veri- 
fied screening results by further clinical examination were 
carried out in substantially older populations; Johnson et al 8 
examined 11 -year-old children and found the ASD preva- 
lence to be 8%, and Pinto-Martin et al, 11 working with young 
adults aged 21 years found an ASD prevalence of 5%. If we 
consider "recovery from autism", which is a topic currently 
under intense discussion, 29 - 30 to be a possibility, then the 
prevalence of autism at different ages might not be fully 
comparable. Another limitation of our study was the lack of 
a structured examination of motor and cognitive functions 
in preterm children that could be statistically analyzed and 
presented. We relied on the clinical judgment of pediatricians 
and child neurologists only. 



It is important for clinical practice that the M-CHAT 
and CSBS-DP-ITC have been shown in our study to be 
comparable relative to positive results. Our assessment of the 
screening potential of the ITSP led to skepticism. Although 
the ITSP can differentiate different sensory profiles between 
very preterm children and controls at 2 years of age, 31 its 
usefulness in autism screening seems to be limited. Regarding 
positive results, the ITSP was significantly inferior to the 
CSBS-DP-ITC in our study (1 5.3% versus 34.7%, P=0.032). 
The low positive rate of the ITSP could be the result of the 
overly strict criterion that we established. The ITSP was also 
inferior to the M-CHAT but the difference was not statisti- 
cally significant, which could be a consequence of our small 
sample size, which also represents a study limitation. On the 
other hand comparing screening instruments in this special 
population with more than a 10-fold increase in prevalence 
does not significantly handicap the data, given that a lower- 
order number of probands is needed in order to obtain reli- 
able results. In any case, the study continues, and data from 
a larger sample will be presented in the future. 

Conclusion 

The results of this study strongly support the hypothesis 
of an increased prevalence of autism in children with birth 
weights less than 1,500 g. Both the M-CHAT and CSBS- 
DP-ITC screening tests seem to be useful for screening the 
preterm population. We also found that the simultaneous use 
of more than one screening test offers increased screening 
sensitivity. 
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